Chlorophyll a fast fluorescence and JIP test
Chlorophyll fast fluorescence transient was measured by a Plant Efficiency Analyzer (Hansatech, UK), according to methods of Strasser et al. (1995) and Sun et al. (2009a) . All the leaves were immediately exposed to a saturating light pulse (3000 mmol·m -2 ·s -1 PFD) for 1 s after dark adapted for 20min. Each transient obtained from the dark-adapted samples was analyzed according to the JIP-test (Srivastava et al., 1997; Li et al., 2005; Sun et al., 2009a) .
Determination of Rubisco initial activity and its coding gene expression
Rubisco activity was determined spectrophotometrically by monitoring NADH oxidation at A340 (Lilley et al., 1974; Xia et al., 2009) . Leaf samples were homogenized in a chilled mortar within the ice-cold extraction buffer solution, 40mM Tris-HCl (pH 7.6), which contained 10mM MgCl 2 , 0.25mM EDTA, 5mM glutathione, 2% β-mercaptoethanol and 1.5% PVP (W/V). The homogenate was centrifuged at 4℃ for 15 min at 10,000g. The resulting supernatant was used for assay of the enzyme. The reaction mixture contained 100 mM Tris-HCl buffer solution, which contained 12 mM MgCl 2 and 0.4 mM EDTA (pH 7.8), 0.2 M NaHCO 3 , 5 mM NADH, 50 mM ATP, 50 mM creatine phosphate, 1 U of glyceraldehyde 3-phosphodehydrogenase and 1 U of 3-phosphoglycerate kinase. The activity was estimated after the addition of enzyme extract and 0.2 mM ribulose-1, 5-bisphosphate (RuBP). Enzyme activity was expressed as mmol CO 2 fixed per min g FW. To measure the gene expression, leaf RNA was extracted according to Louime et al. (2008) . Firstly, a washing buffer, which contained 100 mM Tris-boric acid (pH 7.4), 0.35 mol/L sorbitol and 10% (w/v) PEG-6000, was added to remove the secondary material of samples in the free state. Then an extraction buffer, containing 0.25 M Tris-Boric acid (pH 7.4), 0.05 M EDTA, 2.5 M NaCl, 2% CTAB, 3% PVP, and 5% β-mercaptoethanol was used. The yield and Effect of 5-Aminolevulinic Acid (ALA) on Leaf Diurnal Photosynthetic Characteristics and Antioxidant Activity in Pear (Pyrus Pyrifolia Nakai) 241 quality of total RNA were measured by absorbance at 230, 260, and 280 nm (A 260 /A 230 and A 260 /A 280 ratios) using UV-spectrophotometer and by running samples on a 1.5% nondenaturing agarose gel electrophoresis. Message RNAs in total RNA solution were reversed transcribed to their complementary cDNA (I strand) by oligo-dT primer using MLV reverse transcriptase Kit (Takara Bio) according to the manufacturer's recommendations. To amplify the cDNA produced from RNA by the RT reaction, PCR was performed according to the protocol. As a template, the RT product was used. According to published pear Actin (GenBank: GU830958.1) and Rubisco small subunit sequences (GenBank: D00572.1), two pairs of oligonucleotide primers were designed for expression analysis. Gene-specific primers for Actin (forward: 5'-CAATGTGCCTGCCATGTATG-3'; reverse: 5'-CCAGCAGCTTCCATTCCAAT-3') and for Rubisco small subunit (forward: 5'-CTTGGAATTTGAGTTGGAGAC-3'; reverse: 5'-GTAA GCGATGAAACTGATGC-3') were used in RT-PCR. Each pair of primers cycling parameters were Actin: 29 cycles, Tm 51℃ and Rubisco small subunit: 32 cycles, Tm 59℃. PCR products were analyzed following electrophoresis on a 1% agarose gel containing ethidium bromide.
Determination of antioxidant enzymes
One hundred milligrams of leaves were homogenized in 2 ml of 50 mM phosphate buffer (pH 7.8) which contained 0.4 % polyvinyl pyrrolidone (PVP), an inhibitor of phenolic compounds in a pre-chilled mortar and pestle on ice. The homogenate was centrifuged at 10 000×g for 20 min at 4 °C and the supernatant was collected as crude enzyme extraction (Tan et al., 2008) . Superoxide dismutase (SOD, EC 1.15.1.1) activity was measured by monitoring the inhibition of nitro blue tetrazolium (NBT) reduction at 560 nm. The reaction mixture (3 ml) contained 195 mM methionine, 1.125 mM NBT, 3 μM EDTA, and 100 μl of enzyme extract in 50 mM PBS (pH 7.8). After addition of 20 μM riboflavin, the cuvettes were exposed to a 15-W circular "white light" tube for photoreaction 10 min. Then the reaction mixture was measured as absorbance of 1 cm cuvette at 560 nm. One unit of SOD activity was defined as the amount of enzyme per fresh mass sample causing 50 % inhibition of the photochemical reduction of NBT (Beauchamp et al., 1971) . Ascorbate peroxidase (APX, EC 1.11.1.11) activity was assayed by measuring the oxidation of ascorbate at 290 nm according to Nakano and Asada (1981) . Total 3 ml of reaction solution contained 50 mM PBS (pH 7.0), 1 mM H 2 O 2 , and 1mM ascorbate. The reaction was started by adding 100 μl of enzyme extraction. Changes of absorbance at 290 nm were then recorded within 3 min after the start of the reaction at 1 min intervals. Catalase (CAT, EC 1.11.1.6) activity was determined according to the method of ZavaletaMancera et al. (2007) . The total reaction mixture (3 mL) contained 50 mM PBS pH 7.0 and 100 μL of enzyme extract. The reaction was initiated by the addition of 10 mM H 2 O 2 . The decomposition was followed directly by the decrease in absorbance at 240 nm every 20 s for 3 min.
Determination of hydrogen peroxide (H 2 O 2 ) and malondialdehyde (MDA)
Hydrogen peroxide content was estimated through the formation of a titanium-hydro peroxide complex (Agarwal et al., 2005) . One hundred milligram of leaf sample was ground with liquid nitrogen and the fine powdered material was mixed with 2 ml cooled acetone. Then the mixture was centrifuged at 10,000×g for 10 min and the supernatant was collected as hydrogen peroxide extraction. One milliliter of the extract was added by 0.1 ml 5% titanium sulfate and 0.2 ml ammonium solution to precipitate the titanium-hydro peroxide complex. Reaction mixture was centrifuged at 5,000×g for 10 min in the centrifuge and the precipitate was washed 5 times by cooled acetone. Precipitate was dissolved in 10 ml 2 M H 2 SO 4 and then recentrifuged. Supernatant was read at 415 nm against reagent blank in UVspectrophotometer. The hydrogen peroxide content was calculated by comparing with a standard curve drawn with known hydrogen peroxide concentrations. The MDA content was measured following the method of Heath et al. (1968) with modification and expressed as nmol per g of fresh weight. Five hundred milligram of frozen powder was added to about 5 ml of 5% trichloroacetic acid (TCA) and centrifuged at 10,000×g for 5 min. Two milliliter aliquot of supernatant was added to 2 ml of 0.67% 2-thiobarbituric acid (TBA). The mixture was incubated in boiling water for 30 min and then quickly cooled in an ice bath. After centrifugation at 10,000×g for 10 min, A 532 , A 600 and A 450 of the supernatant were recorded. MDA content was estimated by the formula C (μmol/L) =6.45(A 532 -A 600 )-0.56A 450 .
Statistical analysis
All data were subjected to ANOVA test and the means were compared by the Duncan's test. Comparisons with p<0.05 were considered significant difference. Pearson correlation analysis between parameters was performed to test for relationships between variables by SPSS. 13 software.
Results

Diurnal variation of air temperature and light intensity in the orchard
On the testing day, the weather was fine when the temperature and photon flux density (PFD) exhibited a single peak curve (Fig.1) . In the morning (6:00 am), the air temperature was about 19℃,which linearly increased to the maximum temperature about 29℃ at noon (12:00), then decreased to 25.5℃ at dusk (6:00 pm). In the aspect of light intensity, the PFD was 65.6 μmol·m -2 ·s -1 in the morning, and the maximum was 1612 μmol·m -2 ·s -1 at noon.
Effect of ALA on gas exchange characteristics in pear leaves
The measurement of diurnal variations of leaf gas exchange characteristics showed that the net photosynthetic rate (P n ) possessed a twin-peaks curve ( Fig. 2A) and ALA treatment significantly increased P n of pear leaves compared with the control, especially at noon time. P n /C i , representing the instantaneous carboxylation efficiency, exhibited a single peak curve in diurnal variation (Fig. 2B) , where ALA treatment generally promoted P n /C i of pear leaves, especially at noontide. Changes in stomatal conductance was similar with P n , and ALA treatment promoted stomtal open in most of day time (Fig. 2C ). However, there was no difference in the intercellular CO 2 concentrations of pear leaves between control and treatment ( Fig. 2D ), suggesting that 150 μmol/mol CO 2 in the experiment did not limit photosynthesis in pear leaves. Fig. 3 displays the fast fluorescence transients measured from 6:00 am to 18:00 pm in the control and ALA-treated pear leaves. There were many differences between OJIP curves at different time, however, the most important difference was found from the P-step, which was the highest at 6:00 am, then decreased to the lowest at 12:00 at noon, and recovered to higher levels in the afternoon. The valley of P level at noon might be a characteristic of photosynthetic midday nap, or photoinhibition under high light condition. From Fig. 3 , it can be seen that the P was generally higher in ALA-treated leaves than that in the control, especially at noontide, which may suggest that ALA treatment was favorable to leaf photosynthesis against photoinhibition under high light stress. 
Performance index on absorption basis and performance index of electron transport
The result of JIP-test showed that PI ABS , the photosynthetic performance index on absorption basis, in the ALA treatment was generally higher than that of the control, although the trends of both diurnal variations were similar (Fig. 4A ). Moreover, P ET , the performance index of electron transport of PSII photochemical reaction was also higher in the ALA pretreatment than that of the control (Fig. 4B ), suggesting that ALA treatment could improve photochemical electron transport and photosynthesis. The diurnal means of PI ABS and P ET were about 38% and 26% higher in the ALA treatment than that of the control, respectively. 5A shows that ALA treatment significantly increased the maximal photochemical efficiency of PSII (φP o ≡F v /F m ) of pear leaves compared with the control. The highest of φP o in diurnal variation curves was found at 8:00, and dropped to the lowest at 12:00, and then recovered in the afternoon, suggesting that the high light at noon time depressed the maximal photochemical efficiency of PSII, and ALA treatment was prone to alleviate the photoinhibtion. In Fig. 5B , Ψ o , a parameter of the PSII acceptor-side which means the possibility of a trapped exciton moves an electron into the electron transport chain beyond Q A -, was generally higher in ALA-treated leaves than that of the control, and the diurnal means in the former was 6.5% higher than that of the latter. In Fig. 5C , φE o , another parameter of quantum yield for electron transport exhibited obvious diurnal variation in the day, which was lowest at 12:00 of noon time. ALA treatment significantly improved φE o of pear leaves, and the diurnal means of the former was 7% higher than that of the latter. Conversely, a single peak curve was found in the aspect of energy dissipation through heat (φD o ), which reached the highest at 12:00, and ALA treatment depressed φD o , suggesting that ALA decreased non-photochemical energy dissipation in the pear leaves (Fig.5D) . 
Activity of donor side and acceptor side of PSII reaction
Amplitude of the K step (W k ) as a parameter of the PSII donor-side, expresses the inactivity of the oxygen evolving complex (OEC). The smaller of the W k , the stronger of the OEC activity is. As in the Fig. 6A , the diurnal variation of W k showed a plateau from 10:00 am to 16:00 pm in the control, which was obviously higher than that of ALA treatment. This suggests that ALA treatment alleviated OEC inactivity at high light environment.
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M o , an approximate slope at the origin of the fluorescence rise, represents the maximum rate Q A reduction. From Fig.6A , M 0 of pear leaves rose gradually in the morning and kept high level in the afternoon. However, ALA treatment significantly reduced M 0 , which was about 80% of the control in the diurnal mean, suggesting that ALA could decrease Q A reduction rate in pear leaves. 
Rubisco initial activity and RT-PCR analysis
The diurnal variation of the Rubisco initial activity of pear leaves showed a bimodal curve, where the first maximum occurred at 8:00 am, and the second at 16:00 pm. A significant valley occurred at noontide (Fig. 7A) . In most cases, ALA treatment stimulated the activity, compared with the control. From the result of RT-PCR of the coding gene ( Fig.7B and C) , it can be seen that expression of Rubisco small subunit gene in pear leaves also revealed a bimodal curve, which was similar with the change of the enzyme activity in Fig. 7A . The relative expression was significantly higher in ALA-treated leaves than that of the control, especially at 8:00, which was more than 2 times. Therefore, ALA treatment improved the expression of Rubisco small subunit gene at transcript level. 
Effect of ALA treatment on the H 2 O 2 and MDA content
There is a difference in the H 2 O 2 and MDA content in pear leaves between ALA treatment and control (Fig. 8) . The H 2 O 2 content in ALA treated-leaves maintained at a relatively 249 stable higher level in one day than that of the control. The diurnal mean of the former was about 10% higher that of the latter, suggesting that ALA treatment could increase the H 2 O 2 content of pear leaves (Fig. 8A) . As for the MDA content of pear leaves, it revealed a wave daily variation (Fig.8B) . The lowest in the diurnal variation curve was at about 10:00 am and the highest at 16:00 pm. ALA pretreatment decreased the content of MDA, and the significant differences were found in the morning and afternoon. At noon time, the MDA content in the ALA-treated leaves was also slightly higher than that of the control, however, the difference was not significant at P=0.05 level.
Activities of antioxidant enzymes
The diurnal variation of SOD, APX and CAT activities in response to ALA treatment are shown in Fig. 9 . In SOD, the diurnal variation was a two-peak curve, where the first big peak was recorded at 8:00 am and the second small one at 16:00 pm (Fig. 9A) . Compared with the control, SOD activities in ALA-treated leaves were generally increased, especially in the early morning and evenfall. Different with SOD, no peak could be found in the diurnal variation of APX activities of pear leaves (Fig. 9B) . Instead, it was lowest at noontide, but kept higher levels in the morning or afternoon. ALA treatment significantly stimulated the enzyme activity in all day time, and the diurnal mean in the ALA-treated was 37% higher than that of the control. The diurnal variation of CAT activities in pear leaves was similar with a sine curve, which exhibited a peak at 8:00 am and valley at noontide, and then recovered to earlier levels ( Fig.  9C) . At any time, the activities in ALA-treated leaves were generally higher than that of the control, suggesting that ALA improved the CAT activity in pear leaves. 
Analysis of correlation between environmental factors, photosynthetic parameters and antioxidant activities
The results of Pearson correlation analysis by SPSS 13.0 showed that there were a lot of high correlations between environmental factors, gas exchange, chlorophyll fast fluorescence, antioxidant activity and Rubisco initial activity in pear leaves, significant at either the 0.05 level or the 0.01 level (Table 1) . Firstly, the light intensity (PFD) was positively correlated with air temperature, P n , P n /C i , W k and φD 0 , but negatively correlated with C i , φP 0 and CAT activity, which means that high light intensity led to increase of temperature, net photosynthetic rate and instantaneous carboxylation efficiency, and meanwhile, OEC was possibly inactivated and the absorbed energy dissipation through heat was increased. Additionally, the intercellular CO 2 concentration was prone to decrease, and the maximal photochemical efficiency and CAT activity were also inhibited under high light stress. Secondly, air temperature was positively correlated with W k , M 0 , and φD 0 , but negatively with Ci, PI ABS , φP 0 , APX and CAT activity. This may mean that high temperature led to inactivate both donor and acceptor sides of PSII reaction center in pear leaves. Therefore, photosynthetic performance index on absorption basis and the maximal photochemical efficiency decreased under high temperature. Additionally, the activities of two H 2 O 2 eliminating enzymes APX and CAT decreased as temperature increased. Among the gas exchange characteristics, P n was closely related with P n /C i and Gs, but negatively with C i , which means that under the experimental condition, C i was beyond a limited factor for photosynthesis. P n was also positively with P ET , SOD and Rubisco initial activity. Therefore, the electron transport activity of PSII reaction center, O 2 ·¯ scavenging enzyme SOD activity and the enzyme for CO 2 fixation were key for net photosynthetic rate. Among the fluorescence indexes, PI ABS was positively correlated with P ET ,Ψ 0 , φP 0 and φE 0 . Meanwhile, PI ABS was also highly correlated with the activities of SOD, APX and CAT. Additionally, it was correlated with the relative expression of Rubisco small unit coded gene (P=0.005). The initial activity of Rubisco was significantly correlated with P n , P n /C i , P ET , Ψ 0 , φE 0 , expression of the coding gene, and SOD activity, which means that O 2 ·¯ scavenging enzyme activity and photochemical electron transfer activity were closely related with the CO 2 fixation enzyme activity. Furthermore, the expression of gene coding Rubisco small unit was highly correlated with PI ABS , P ET , Ψ 0 , φE 0 , H 2 O 2 content and three antioxidant enzyme activity. H 2 O 2 , a famous reaction oxygen species, was correlated with P ET ,Ψ 0 , φE 0 , the activities of SOD, APX and CAT, the Rubisco initial activity and the relative expression of Rubisco small unit coded gene, which might imply the ROS was a active factor for photosynthesis of pear leaves under the experimental condition. MDA, a lipid peroxidation product, was the only parameter, negatively correlated with P ET ,Ψ 0 , φE 0 , and SOD activity, which might be an adverse factor for photosynthesis. Among the antioxidant enzymes, APX and CAT activities were negatively correlated with PFD and (or) temperature, although the coefficient between APX and PFD was -0.518, slight higher than the 0.05 level, which means the enzymes was affected by environmental factors. Nevertheless, SOD activity was not affected by PFD or temperature. SOD was significantly correlated with P n , PI ABS , P ET , φ 0 , φE 0 , APX, CAT, Rubisco initial activity, and the relative expression of Rubisco small unit coded gene, but negatively with M 0 and MDA content, Table 1 . Correlations between environmental factors, gas exchange, chlorophyll fast fluorescence, antioxidant activity and Rubisco initial activity in pear leaves www.intechopen.com Artificial Photosynthesis 252 suggesting that SOD was not only important in prevention of lipid peroxidation, but also in prevention PSII reaction center close, and therefore promotion of photochemical electron transfer and photosynthetic dark reaction. Additionally, the correlations of APX and CAT activities were similar with the SOD in the most parameters. This means that three antioxidant enzymes synergized in eliminating reaction oxygen species to prevent peroxidation of lipid in plant cells. However, the correlations of MDA with APX and CAT were not significant (P>0.05), implying the role of APX and CAT activity was not enough to impact lipid peroxidation, i.e, the H 2 O 2 level was not adverse in the experimental condition.
Discussion
Previous reports have demonstrated that ALA treatment can improve the net photosynthetic rate in spinach (Nishihara et al., 2003) , melon (Wang et al., 2004) , pakchoi (Wang et al., 2004b) , radish (Hotta et al., 1997b; Wang et al., 2005b) , strawberry (Liu et al., 2006) and watermelon (Sun et al., 2009a) , under normal or stress conditions. The result of this work confirmed that exogenous ALA at a concentration of 0.5 mg/L could increase the net photosynthetic rate of pear leaves ( Fig. 2A) , which were related with the increase of P n /Ci (Fig. 2B) and Gs (Fig.2C ). This means that ALA treatment did not only promote stomatal opening, but also affect the non-stomatal factors related with photosynthesis (Farquhar and Sharkey, 1982) . In other studies, exogenous ALA promotion on stomatal opening has been reported in melon (Wang et al., 2004a) or watermelon . A transgenic tobacco, which could over-produce endogenous ALA, also possessed higher stomatal conductivity (Zhang et al., 2010) . Therefore, ALA inducing stomatal conductance might be a universal phenomena. However, the mechanism need further to be elucidated. The shape of the OJIP transient has been found to be sensitive to stress such as excess light, temperature and drought (Appenroth et al., 2001; Thach et al., 2007) . In our data (Fig. 3) , the P-step in pear leaves was significantly lower at noon than that in the morning or at dusk, suggesting the environmental factors at noon impaired chlorophyll fast fluorescence yield. Wang et al. (2005a) suggested that the optimal temperature for photosynthesis of pear leaves was about 27℃. In this work, the highest temperature was 29℃ (Fig. 1) , which was near to the theoretic optimal temperature, and might not be the key inhibitory factor for pear photosynthesis. Instead, the typical midday nap characteristic of pear leaves was possible to be result of the high light intensity at noontide (Fig. 2, Fig.3 ). ALA treatment increased the fluorescence yield, especially at noontide, suggesting that ALA could promote resistance of pear leaves against high light stress. Sun et al. (2008) also found that ALA treatment could alleviate photoinhibition of watermelon seedlings switched to high light from shaded condition. Our results here were similar with the previous observation. Because ALA treatment could also improve leaf photosynthesis of plants grown under low light condition (Wang et al., 2004; Sun and Wang, 2007) , it can be deduced that ALA might stabilize photosynthetic capacity against light stresses. In fact, this effect of ALA is important because plants are not always grown under optimal light intensity condition, and low light or high light often affects plant photosynthesis. ALA improvement on photosynthesis under light stresses can increase photosynthate accumulation in many crops. The mechanisms of ALA improvement on photosynthesis by non-stomata have been mentioned in many aspects. Firstly, ALA increased the chlorophyll content, since it is the key biosynthetic precursor of all tetrapyrrole compounds (von Wettstein et al., 1995; Jahn Effect of 5-Aminolevulinic Acid (ALA) on Leaf Diurnal Photosynthetic Characteristics and Antioxidant Activity in Pear (Pyrus Pyrifolia Nakai) 253 and Heinz, 2009), which has been suggested to contribute to increase of photosynthesis (Tanaka et al., 1993) . However, in the most cases, the chlorophyll content was not a limiting factor for leaf photosynthesis. ALA has been suggested to increase the activity of OEC at the donor side of PSII reaction center under stress condition. Sun et al. (2009b) found that W k , which represented the inhibition of OEC activity, was lower in ALA-treated leaves than that in the control of watermelon seedlings under chilling stress. Zhang et al. (2010) observed that W k in the transgenic tobacco with capacity to over-produce endogenous ALA was also lower than that of the wild type. In the work, W k in ALA-treated pear leaves was always lower than that of the control (Fig. 6A) . Thus, ALA promotion in OEC activity might be a general effect. ALA might improve the photochemical efficiency of PSII reaction center. Whether the darkadapted or light-adapted maximal photochemical efficiency, it has been reported that ALA had significant effect (Sun et al., 2009a; Wang et al., 2010) . Recently, the similar effect was confirmed in the transgenic tobacco (Zhang et al., 2010) . In this work, we observed that φP 0 of pear leaves treated by ALA was higher than that of the control (Fig. 5A) , suggesting the maximal photochemical efficiency was improved. ALA might also improve the activity of acceptor side of PSII reaction center. Two important fluorescence parameters M o and ψ 0 , where the M 0 represents the proximate rate of Q A completely being reduced, and ψ 0 was the probability of a trapped exciton moves an electron into the electron transport chain beyond Q A -, often responded to ALA treatment. In most situations, ALA decreased M 0 but stimulated ψ 0 , which was beneficial to electron transfer through Q A -electron acceptor of PSII reaction center (Strasser et al., 1995; Li et al., 2005) . The results in the work approved the previous observations that Q A was retardant to be completely reduced (Fig. 6B ) and the electron was easily transferred to the downstream electron acceptors beyond Q A -in the chain after ALA treatment (Fig. 5B) . Liu et al. (2010) suggested that ALA treatment alleviated the decrease of Rubisco activity of cucumber under suboptimal temperature and light intensity stress. In this work, we found the diurnal variation of Rubisco initial activity in pear leaves (Fig. 7A) , which was improved by ALA treatment and highly correlated with P n (r=0.835, P<10 -5 ). It was the first time to observe that ALA could up-regulate transcription of gene coding Rubisco small unit in pear leaves (Fig. 7) . The level of transcript in ALA-treated leaves at 8:00 am was more than 2 times as high as that of the control, which means that ALA treatment did not only affect light reaction of photosynthesis, but also dark reaction, even the expression of the key enzyme. The effect of ALA has been not mentioned before. However, the mechanism of ALA regulation on gene transcription needs to be elucidated further. In aspect of antioxidant enzymes, it has been suggested that ALA treatment stimulated SOD activity around PSI reaction center, which can scavenge ROS aroused from photosynthetic electron transport in electron transfer chain to improve photochemical electron transfer rate (Sun et al., 2009a, b) . Diethyldithiocarbamate (DDC), an inhibitor of Cu-Zn-SOD, could eliminate ALA' effect on photochemical efficiency (Liu et al., 2006; Sun et al., 2009a) , which suggested the important role of SOD on ALA promotion. In this work, ALA treatment also induced SOD activity in pear leaves (Fig. 9A) , which was positively correlated with many photosynthesis and chlorophyll fluorescence parameters but negatively with M 0 and the MDA content (Table 1 ), suggesting that it might play an important role on the acceptor side activity of PSII reaction center and preventing lipid peroxidation of photosynthetic apparatus during daytime. On the other hand, Jung et al. (2008) found higher levels of SOD activity in transgenic rice than in the wild type. The same was true in transgenic tobacco and Arabidopsis (Wang et al., unpublished) . Thus, enhancement of SOD activity was accompanied with increase of endogenous or exogenous ALA levels. However, the mechanism of SOD activity induced by ALA has no been known. That ALA induced the increase of enzymes eliminating H 2 O 2 , such as APX, CAT and POD, has been suggested (Nishihara et al., 2003; Liu et al., 2006) . Since ALA is the essential biosynthetic precursor of tetrapyrrole compounds including heme, and the latter is a necessary component for the activity of all three enzymes (Tsiftsoglou et al., 2006) , it is reasonable to deduce that ALA induces heme accumulation, which is beneficial for H 2 O 2 eliminating enzyme activity. In this work, it was also observed that ALA induced increase of activities of APX and CAT in pear leaves (Fig. 9) . However, ALA treatment also increased the content of H 2 O 2 in pear leaves, which might be at a safe level, because MDA content with ALA treatment was significantly lower than the control (Fig. 8 ). In Table 1 , H 2 O 2 level was correlated with P ET , Ψ 0 , φE 0 , the activities of SOD, APX, CAT and Rubisco initial activity, as well as transcript of gene coding Rubisco small unit. This means that H 2 O 2 might be an active signal molecule rather than an adverse ROS, involved in regulation of antioxidant enzyme activity and physiological or molecular processes. H 2 O 2 has been suggested as a cellular signal, and has wide-ranging effects in many biological processes (Finkel and Holbrook, 2000) . It can also regulate gene expression in plants (Neill et al., 2002; Apel and Hirt, 2004) . However, whether ALA promotion on plant photosynthesis is dependent on H 2 O 2 signal need further study.
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